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Abstract: This exploratory study aims to fill the gap by adopting Hirose’s two-phase decision-
making model with the theory of social networks to explore the environmentally friendly attitudes
and environmental behavioral intentions toward pro-environmental behaviors of the citizen scientists
who participated in the Bird Survey in Taoyuan’s Farm Ponds Project. The Bird Survey in Taoyuan’s
Farm Ponds Project is a systematic citizen science project founded in 2003 with the aim to identify
existing and potential irrigation ponds that are important to creating waterbird refuges to secure
habitats for wintering waterbirds in anthropogenically influenced areas. The participation in this
project itself can be considered as a form of pro-environmental behavior. A total of 24 in-depth
semi-structured interviews were conducted with participants of the Bird Survey in Taoyuan’s Farm
Ponds Project. Qualitative data showed that participants mentioned six variables (i.e., perceived
seriousness, ascription of responsibility, belief in the effectiveness, feasibility evaluation, cost–benefit
evaluation, and social norms evaluation) of the two-phase decision-making model in relation to
environmentally friendly attitudes and environmental behavioral intention. Findings also revealed
three key variables (i.e., social networks, learning and growth, and belonging and contribution)
in the theory of social networks that are associated with environmentally friendly attitudes and
environmental behavioral intention. Based on the findings, it is proposed that the social needs
variables are incorporated as an extension to the two-phase decision-making model to offer a more
comprehensive explanation of pro-environmental behavior.
Keywords: citizen science; environmentally friendly behavior; pro-environmental behavior; social
networking; Taoyuan farm pond bird survey; two-phase decision-making model
1. Introduction
Citizen science refers to the collection of large amounts of data over long periods
by the general public across multiple habitats and locations. The contribution of citizen
scientists has provided a wealth of data on the occurrence and distribution of species
around the world [1]. In recent years, due to the advancement of science and technology
and the popularization of geographic information systems, scientific interpretation and
investigation are no longer the exclusive domain of scientists, and citizens are being
included in the scientific research process at a time of rising environmental citizenship [2].
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Citizen science is in a phase of expansion and is increasingly common in the United States
and other countries [3].
Scientific exploration and research projects by amateurs have been practiced for
many years in the past. The term citizen scientist has been around since the 19th century,
mostly used by informal groups of citizens with personal interests or those who are capable
of leisure activities [4]. Today, the participation of non-professional citizens in scientific
inquiry has become more formalized, with the development of a structured process and
organizational model of participation and collaboration between professional scientists and
citizen volunteers interested in partial participation in research [5]. This has led to more
frequent evaluations and more emphasis on how to advance scientific information and
methods of investigation and provide opportunities for participants to learn, understand,
and access science [6].
Following the rapid growth of citizen science groups and organizations, the im-
portance and power of local participation in resource monitoring has been recognized,
and the benefits of citizen science include improved scientific literacy in the community,
increased public support and commitment to conservation and management, greater public
participation in the planning and management of local ecosystems, and the collection of
usable long-term data at multiple scales [4]. Public participation in scientific research is
emphasized for its ability to increase knowledge, scientific literacy, environmental literacy,
and the ability to think scientifically [6–9]. This model of citizen science can therefore be a
legitimate way for communities and stakeholders to participate in the research process,
making it more likely that the general public will be engaged in public policy and political
processes [6,10].
The Bird Survey in Taoyuan’s Farm Ponds Project is a systematic citizen science project
founded in 2003. This project aims to identify existing and potential irrigation ponds that
are important for creating waterbird refuges to secure habitats for wintering waterbirds
in anthropogenically influenced areas [11]. The project involves volunteers to conduct
the required surveys at 45 designated ponds in the Taoyuan Tableland in northwestern
Taiwan. The survey period spans from November to February every year when winter
migratory birds come to Taiwan. The participation of this project itself can be considered
a form of pro-environmental behavior, which refers to any behavior that seeks to protect
the environment and ecosystems and duly consider the environmental impacts of specific
behavior when making decisions [12].
Although studies about citizen science in various fields and contexts (e.g., sustainable de-
velopment, health and medical, agriculture, knowledge generation) have been previously
explored, few studies have examined the pro-environmental behavior of citizen science partic-
ipants. This study aims to fill this gap by exploring the environmentally friendly attitudes and
environmental behavioral intentions on pro-environmental behaviors of the citizen science
who participated in the Bird Survey in Taoyuan’s Farm Ponds (TFP) Project.
2. Theoretical Framework and Literature Review
2.1. Two-Phase Decision-Making Model
Hirose [13] considered the process of forming behaviors and proposed that pro-
environmental behavior can be explained by a two-phase decision-making model (please see
Figure 1). The first phase involves the formation of environmentally friendly attitudes,
and the second phase involves various behavioral assessments to determine environmental
behavioral intention that will directly or indirectly influence the pro-environmental behavior.
An environmentally friendly attitude refers to “the intent to solve an environmental
problem or make a contribution” that supports eco-friendly behavior that is accompanied
by a degree of respect for the environment and express concern for ecological issues [14].
It involves three main factors: perceived seriousness, ascription of responsibility, and belief
in the effectiveness.
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Figure 1. The two-phase decision-making model adapted from Hirose (2015) [13]. 
Environmental awareness can be subdivided into perceived seriousness of environ-
mental problems and ascription of responsibility, which are split into two variables in the 
two-phase decision-making model. The perceived seriousness represents the perception 
of the consequences of environmental problems, while the ascription of responsibility con-
tains the variable of responsibility attribution. The perceived seriousness emphasizes the 
perception of environmental risk, the severity of environmental pollution, and the likeli-
hood of occurrence, as well as the perceptions and expectations of the likelihood of occur-
rence of the environmental problem and the severity of the problem [15]. However, indi-
viduals may feel that their power is insignificant despite the impact they have on larger-
scale problems [16,17]. 
Ascription of responsibility refers to the recognition of the cause of responsibility, 
that is, the perception of responsibility, specifically, who or what causes environmental 
pollution and damage. Although it is easy to attribute the cause of complex environmental 
issues to natural phenomena, such as water shortages due to the lack of rainfall or energy 
crises due to the responsibility of government and oil-exporting countries, when it comes 
to waste disposal, residents often place the blame on themselves, and therefore different 
actions can be taken to solve environmental problems depending on the responsibility 
involved. For example, if they blame themselves for environmental pollution, they will 
try to change their lifestyles in the future. On the other hand, if the responsibility for the 
problem is attributed to others, they will try to seek compensation for damages, etc. In 
any case, the stronger the degree of responsibility for environmental problems, the 
stronger the intention to protect the environment. This ascription of responsibility is also 
mentioned as a similar concept in educational psychology. 
Belief in the effectiveness relates to the recognition of validity of a counter measure-
ment to solve the environmental problem. For instance, a sense of effectiveness can arise 
if one considers the environmental problem to be solvable by an individual and/or collec-
tive efforts of other people. In contrast, if one feels that there will be limited or no effect 
Figure 1. The two-phase decision-making model adapted from Hirose (2015) [13].
Environmental awareness can be subdivided into perceived seriousness of environ-
mental problems and ascription of responsibility, which are split into two variables in
the two-phase decision-making model. The perceived seriousness represents the percep-
tion of the consequences of environmental problems, while the ascription of responsi-
bility contains the variable of responsibility attribution. The perceived seriousness em-
phasizes the perception of environmental risk, the severity of environmental pollution,
and the likelihood of occurrence, as well as the perceptions and expectations of the like-
lihood of occurrence of the environmental problem and the severity of the problem [15].
However, individuals may feel that their power is insignificant despite the impact they
have on larger-scale problems [16,17].
Ascription of responsibility refers to the recognition of the cause of responsibility,
that is, the perception of responsibility, specifically, who or what causes environmental
pollution and damage. Although it is easy to attribute the cause of complex environmental
issues to natural phenomena, such as water shortages due to the lack of rainfall or energy
crises due to the responsibility of government and oil-exporting countries, when it comes
to waste disposal, residents often place the blame on themselves, and therefore different
actions can be taken to solve environmental problems depending on the responsibility
involved. For example, if they blame themselves for environmental pollution, they will
try to change their lifestyles in the future. On the other hand, if the responsibility for the
problem is attributed to others, they will try to seek compensation for damages, etc. In any
case, the stronger the degree of responsibility for environmental problems, the stronger the
intention to protect the environment. This ascription of responsibility is also mentioned as
a similar concept in educational psychology.
Belief in the effectiveness relates to the recognition of validity of a counter measure-
ment to solve the environmental problem. For instance, a sense of effectiveness can arise if
one considers the environmental proble to be solvable by an individual and/or collective
efforts of other people. In contrast, if one feels that there will be limited or no effect on
addressing the environmental problem regardless of the commitments and efforts put in,
then a sense of effectiveness will not substantiate.
On the other hand, environmental behavioral intention refers to the extent to which
individuals are willing to consider taking appropriate actions to protect the environment,
and this is directly linked to the formation of the target “pro-environmental behavior” [18].
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There are three key determinants of environmental behavioral intention: feasibility evalua-
tion, cost–benefit evaluation, and social norm evaluation.
Feasibility evaluation represents the non-economic factors that are considered when
determining if it is practicable for one’s ability to take on those pro-environmental actions.
It also helps to assess if such an opportunity arises to enable an individual to engage in
pro-environmental behaviors. This can generally be looked at from both the external and
internal perspectives.
The cost–benefit evaluation assesses the benefits of taking pro-environmental actions
and the costs involved, for example, a comparison between the complexities of sorting and
recycling empty cans and bottles and the investment in products that need to be purchased
to save electricity versus the rebate on electricity costs that will result from taking action
and the fines that will result from not doing so. The main evaluation criteria for comparing
the two are the personal benefit and cost evaluation, such as convenience and comfort.
If the reduction in personal benefits and the increase in costs of taking pro-environmental
actions are significant, then no action is taken, and vice versa.
Social norm evaluation is the assessment of whether an individual’s behavior conforms
to the norms and expectations of an organization or society. In the theory of planned
behavior, social norm evaluation corresponds to the subjective norm, so the two-phase
decision-making model derived from the theory of planned behavior [19] also uses the
subjective norm as an assessment item.
Many prior studies about pro-environmental behaviors are primarily based on the
influence of knowledge, attitudes, and skills on behavioral intentions [20], which subse-
quently lead to actual behaviors. However, the two-phase decision-making model suggests
that in addition to knowledge, attitudes, and skills, behavioral assessments are needed
to determine environmental behavioral intention that will result in pro-environmental
behaviors. From previous research, it is evident that social needs such as belonging and con-
nectedness have a strong influence on the efficacy of program participation [21], which is
a key element (i.e., the Bird Survey in the Taoyuan’s Farm Ponds Project) in this study.
Therefore, in addition to the two-phase decision-making model, it is also proposed to
include the theory of social networks to be examined in this study.
2.2. The Theory of Social Networks
The theory of social networks has been widely applied and is gaining attention as
a new direction in sociological research. The formation of social networks often occurs
in the context of cooperative strategies, and the formation of networks is based not only
on the demand for resources, but also on social factors of mutual relationships and trust,
through which people can obtain relevant information and opportunities [22]. Previous
studies reveal that the connection and social needs among the citizen science survey team
members may affect the satisfaction and happiness of the participants. Therefore, in
addition to analyzing individual behaviors using a two-phase decision-making model, this
study also explores the role of social networks in promoting citizen science project teams
by understanding the social network relationships among the team members.
A sense of connectedness is defined as the emotion of being connected to others,
and the perception of being part of a team and feeling connected to others is a basic human
psychological need [23,24]. People are often accustomed to being connected to members
of the same team [25]. A strong sense of connectedness to others motivates individuals
to strive to be submissive to social groups, to fully fulfill their social roles, and to take
actions that promote social harmony and respect social norms [26,27]. A sense of solidarity
with others reduces the distinction between self and group [28–30]. This transforms
individuals into those with a high sense of connectedness and objectively higher beliefs
about group efficacy, which in turn leads to the possibility of transferring to a sense of
personal efficacy [31].
The key factor in deciding whether to take socially responsible action is the extent
to which they believe their actions can make a difference [32]. Those who are more likely
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to connect with others are more capable in establishing their values [33]. To some extent,
this may explain the relation between a sense of connectedness and positive socially
responsible behaviors [34–37]. Regarding effectiveness, it is also evident that the sense of
efficacy is enhanced through connection building and team formation, which corresponds
to the belief in effectiveness in the two-phase decision-making model.
From the above-mentioned studies, it is suggested that stronger interpersonal con-
nections will have a positive effect on both individual and collective pro-environmental
behaviors. Oriental social culture placed special emphasis on interpersonal relationships.
In this context, this study examined the interconnectedness of team members by adding
a new variable of the social networks, which had not included in the original two-phase
decision-making model, to further explore the influence of connectedness on the continu-
ous participation in the citizen science research project. As a result, a modified model is
outlined in Figure 2.
3. Materials and Methods
This study adopted a two-phase decision-making model and the theory of social
networks as the framework to explore the pro-environmental behaviors of citizen sci-
ence participants in the Bird Survey in Taoyuan’s Farm Ponds Project. The two-phase
decision-making model focused on an individual’s environmentally friendly attitudes,
and evaluating the behavioral intentions, whereas the theory of social networks was used
to explore the connections between the participants and how such a relationship could
potentially impact on an individual’s pro-environmental behaviors.
3.1. In-Depth Interviews
This study was exploratory in nature, and in-depth interviews were used. An in-depth
interview is a conversation between an interviewer and a respondent on a common topic
to exchange their perspectives with the aim of constructing knowledge in the process of
conversation [38]. As the theory and methodology have evolved into a common research
method in social sciences, the researcher uses in-depth interviews to understand the
experiences, actions, and underlying meanings of the research subject [38]. If the research
question focused on the meaning attached to the experience and the value of the story
appeals to the inquirer, then the use of in-depth interviewing techniques would be suitable
to help the subject better relate and share the experience [38].
The adoption of in-depth interviews was based on two grounds: collecting interview
data and the need for flexibility. Firstly, in-depth interviews were considered one of the
more appropriate techniques in exploratory research for collecting inductive data, and since
there was limited knowledge about the pro-environmental behavior of citizen science
participants, this is an appropriate technique [39]. This method enables the interviewer
to gather preliminary information about the research topic and at the same time allows
greater insights and understanding [40]. Secondly, in-depth interviews can also provide
the flexibility to allow the interviewer to modify, drop, or add propositions in response to
evidence from the interviewees [39]. Therefore, the interviewer would be able to acquire a
more valuable outcome using this technique.
A total of 24 in-depth interviews were conducted with citizen science participants for
the Bird Survey in Taoyuan’s Farm Ponds Project from July to September 2017. These in-
terviews were semi-structured in nature and conducted at a location that was convenient
to the interviewees. The duration of each in-depth interview was approximately 90 min.
The discussion was flexible and informal, thus allowing the interviewer to gain an in-depth
understanding of the research topic.
To ensure all required issues were addressed, an interview protocol (Appendix A) was
developed and used as a guide in the interviewing process. The interview protocol was
structured into three sections comprising several open- and close-ended questions related
to the two-phase decision-making model, the theory of social networks, and basic personal
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information. The interview protocol was reviewed and checked for appropriateness and
accuracy by three experts.
While interviewees were informed, and consent sought for the interview to be
recorded for the purpose of verbatim transcription and data analysis, they could also
exercise their rights to suspend and stop the recording at any time throughout the inter-
view. When the verbatim transcripts were completed, the interviewees would receive
copies of them to confirm the accuracy of the transcribed content.
3.2. Data Analysis Methods
In analyzing the qualitative data, the template analysis style proposed by Crabtree
and Miller [41] was adopted. This method has been widely used in many qualitative
studies and is characterized by having established categories that also allow open coding.
The theoretical basis of this default category list was based on the six variables of the
two-phase decision-making model proposed by Hirose [13], with conceptual definitions,
operational definitions, and literature for each variable (as shown in Table 1). The coding
process also allowed the addition of variables that were not available at the end of the
original two-phase decision-making model, so a template-based coding approach was
adopted for data analysis. The new codes and the subsequent processing status are
presented in Table 2.
In this study, manual coding was used for data analysis. After the initial coding of one
or two data contents, these additional codes were organized to serve as a list of codes for the
proposed subsequent analysis. This enabled the display of social phenomena, network dia-
grams between analysis units, and the presentation of personal knowledge maps [42].
Table 1. Category list of default codes.















the present and the past,
memories related to the
environment, feelings of anger
when finding environmental
problems, and understanding the








changes and shocks to human
behavior. According to the
object of attribution, it is





the occurrence of environmental
problems to my own actions.
Speaking of what I should do, my
responsibility for it, feeling that it
is my responsibility, etc.
[19]
AR-E
External attribution: attribute the
environmental problems to some
uncontrollable factors, thinking
that the problems are caused by
“others” and have nothing to do
with oneself. For example, the
government and business
collusion, the trend of the times,
could do nothing about private
land.
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Table 1. Cont.







in the Bird Survey in TFP has
an impact on the conservation
of birds and the maintenance
of habitats in Taoyuan farm
ponds, this action is the right
remedy to reverse the
situation.
BE
Speaking of using survey data to
talk to the government, the
explanatory power of data, the
persuasiveness of evidence, the
fact that bird surveys can lead to
better ecological conservation,
and the fact that doing surveys is







The internal and external
abilities and conditions that
make the surveyor think he or




It is used to assess whether one
has the ability to participate in the
survey. For example, the ability to
identify birds, the health of the
individual, the safety of the
survey site, the proximity of the







The amount of money, time,
manpower, and equipment
required and available to
participate in bird surveys in
terms of economics alone
CBE
Whether the survey time works
out? The difficulty of recruiting
survey personnel, the length and
frequency of time required, the
availability of funds, investment
in car and gas, the adequacy of







The influence of external
social factors on an
individual’s behavior.
Engaging in specific behaviors
under the pressure of social
influences.
SNE
Influenced by friends and
relatives to participate in the
survey, because it is an activity of
the Wild Bird Society of Taoyuan,
as a member of the Society, of
course, we must support, go with
XX, I quit after friends stopped
participating.
[43]
Table 2. Newly added categories after initial coding.
Category Variable Conceptual Definition Code Operational Definition References
Social Needs Social Network
Connected by the flow
of information and
interpersonal emotions







meeting new people, having
common topics, integrating
into a team, finding belonging,
feeling needed by others,
passing on information
[34,44,45]











in elementary school services
or outdoor teaching, sharing
experiences with rookies
during bird watching, sharing
beautiful photos
[44]
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Table 2. Cont.
Category Variable Conceptual Definition Code Operational Definition References




more and more in the
direction one wants to
go.
HG
It is hard at the moment, but it
is worth it to look back after
breaking through the
difficulties, to find out that I
have changed for the better,
and to feel that I have learned
something and broadened my
horizons after committing
myself and feeling satisfied.
[46]
Social Needs Belief inAltruism
To produce benefits for
others through our own
efforts or the power of a
team.
BA
In order to achieve greater
good, individuals are willing
to endure a little bit of
immediate hardship or
inconvenience. When it comes
to the sense of honor and
contribution of participating
in the survey, it does not
matter if I work hard, as long
as it is helpful in general. If I








values and beliefs that
are not altered by others
or by the realities of the
environment.
PN
The choice of values, doing it
because I think it is important,







Human beings are born
with the need to be close
to nature and to be in
touch with nature.
Bio
The novelty and excitement of
seeing rare species, the weird
feeling of not being out in the
wild, the relaxation and stress
relief brought by bird
watching, and the desire to go










develops one’s own set





Today’s birds are tomorrow’s
humans, birds are our
ecological indicators,
and ecological surveys should
be done on a long-term basis.
[53,54]
4. Results
4.1. Profiles of the Interviewees
A total of 24 in-depth interviews were conducted, of which 16 were male and the
remaining eight were female. The interviewees’ ages ranged between 31 to 69, with the
majority of them (19 out of 24) having a Bachelor’s degree and above education qualification.
The average number of years of experience of participating in the Bird Survey in Taoyuan’s
Farm Ponds Project was approximately five years. Table 3 below presented a summary of
the interviewees’ profiles.
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Table 3. Interviewees’ profiles.
Code Age Gender Education Level Profession Residence Years of SurveyExperience
Q1 68 Male Ph.D. Chair Professor Taoyuan City 5
Q2 62 Female Bachelor Bank Supervisor Taoyuan City 5
Q3 48 Female Bachelor Director of an elementary School Taoyuan City 3
Q4 52 Male Master Chairman of a Biotech Corporation Taoyuan City 3
Q5 68 Male Ph.D. Associate Researcher Taoyuan City 11
Q6 - Male - - - 11
Q7 65 Male Master Engineering Consultant Taoyuan City 10
Q8 62 Female Senior high school Staff of a trading company Taoyuan City 6
Q9 57 Male Bachelor Elementary School Teacher Taoyuan City 11
Q10 - Male - - - 5
Q11 67 Male Master Middle School Director Taoyuan City 9
Q12 65 Male Doctorate Researcher Taoyuan City 7
Q13 54 Male Associate degree section manager of a company Taoyuan City 11
Q14 48 Male Bachelor Junior high school teacher Non-Taoyuan City 0
Q15 49 Male Master TV station manager Taoyuan City 0
Q16 63 Male Associate degree Photocopy store owner Taoyuan City 0
Q17 62 Female Bachelor Retired elementary school teacher Taoyuan City 9
Q18 38 Male Master Freelancer Taoyuan City 2
Q19 31 Female Bachelor - Taoyuan City 1
Q20 55 Male Bachelor Information engineer of a foundation Taoyuan City 1
Q21 69 Female Bachelor Retired Junior High School Teacher Taoyuan City 4
Q22 47 Male Bachelor Company Manager Taoyuan City 2
Q23 64 Female Bachelor Retired Junior High School Teacher Taoyuan City 5
Q24 66 Female Bachelor Retired Junior High School Teacher Taoyuan City 7
“-” denotes the missing information that the respondent preferred not to answer.
4.2. Results of the Two-Phase Model Analysis
Results of the two-phase decision-making model indicated support for the six key
variables that affect citizen science’s (i.e., participants of the Bird Survey in Taoyuan’s
Farm Ponds Project) goals and behavioral intentions towards pro-environmental behaviors.
The most frequently mentioned variables were perceived seriousness and feasibility eval-
uation, and they were followed by belief in the effectiveness, ascription of responsibility,
cost–benefit evaluation, and social norm evaluation (please refer to Table 4). Finding for
each of these variables will be discuss in the following.
Table 4. Frequency mentioned about the six key variables.
Variables Total Frequency Mentioned (out of 24 Interviewees)
Perceived seriousness 14
Ascription of responsibility 12
Belief in the effectiveness 13
Feasibility evaluation 14
Cost–benefit evaluation 12
Social norm evaluation 12
4.2.1. Perceived Seriousness (PS)
There were 14 (out of 24) interviewees agreed that perceived seriousness could poten-
tially influence their pro-environmental behavior. The majority (12) of these interviewees
revealed that they were frustrated and discouraged by the ecological crises such as the
deterioration of bird conditions and mud accumulation in the farm ponds. There was also
a consensus for urgent actions to be undertaken to address the environmental problems.
This was supported by a comment that
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“I’m just curious to know what those data can do, I’m curious about that. The data
generated by the survey we did, after accumulating, maybe we can have, for example, a
decisive impact on the development of the land or on the development of the airport” (Q5)
Eight of the interviewees indicated that farm ponds in the surveyed sites have been
through significant changes over the years, which had affected the natural environment.
Given the fond memories and close connections to these natural farm ponds of the past,
interviewees felt the need for them to take practical environmental actions. An interviewee
commented that
“I feel sorry for the things that we saw when we were young. If there is a chance, I also
hope that the environment can maintain the kind of human and animal coexistence
we used to have, not like now, the whole environment is destroyed, nothing can be
seen. Compared to our past, many of those animals can no longer be seen by children
today” (Q4)
Six of the interviewees encountered negative nature experiences while conducting
their site observation. Among them were the destruction of beloved sites, the disappearance
of farm ponds, and environmental pollution. These unpleasant encounters had left the
interviewees feeling upset and having grave concerns. Such sentiments were supported by
comments such as
“I feel sad. Basically, the pollution in Taoyuan is quite serious, such as the algae reefs,
or the beaches with too much garbage to pick up, and many factories are built in areas
that should not be built...etc. It is extremely scary that nature is disappearing all
the time!” (Q19)
“In recent years, the disappearance of large farm ponds has had a great impact on the
habitat of the geese and ducks. The places where we can see geese and ducks have become
very rare in Taoyuan” (Q22)
It was agreed by six interviewees that the causes of environmental problems were
often complex, and many people tend to oversimplify the causes by attributing them
to specific objects and assuming that is the key to solving the problem. Governments
and consortia were often regarded by conservationists as responsible for environmental
problems because they have the authority to make decisions that impact on the environ-
ment. From the government’s perspective, some environmental sacrifices were deemed
unavoidable to achieve essential economic growth and development. This was supported
by an interviewee’s comment that
“Conservation groups are often relatively disadvantaged and can only provide ecological
data for development reference. In general, pond owners do not care much about birds
eating the fish, but the biggest disturbance is the pond improvement by the Taiwan Joint
Irrigation Association. Beautification of the pond destroys the ecosystem by spending a lot
of money on cementing the pond, which should be told to the relevant authorities” (Q6)
There was a sense of helplessness, as revealed by four interviewees, because the regula-
tions prohibit and limit them in what they could do to protect the environment. They were
frustrated with the limited and ineffective actions taken by the government and feared
that the seriousness of the environmental problems was being ignored. An interviewee
supported this with a comment
“When we went back, the stream was flowing with black water, and there was not a single
fish, and no one could do anything about it” (Q4)
4.2.2. Ascription of Responsibility (AR)
Twelve of the 24 interviewees suggested that their pro-environmental behavior could
potentially be affected by ascription of responsibility. Ten interviewees revealed that they
were powerless as an individual when dealing with environmental problems;
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however, this changed when working in a group with an identity. This could be at-
tributed to individuals feeling empowered in a team (e.g., a local bird society) where they
could offer support and encouragement to others who shared a common goal in protecting
the environment by keeping a close eye on the ecosystem of the farm ponds. This was
supported by a comment
“Since serving as the chairman of the Board of Directors of the Wild Bird Society of
Taoyuan from 1997 to 2011, I deeply feel that farm ponds are the characteristics of
Taoyuan. As a local bird society, it is our responsibility to survey and understand the
birds of farm ponds and to establish long-term information for subsequent application
when necessary” (Q5)
Furthermore, eight interviewees indicated that being a part of the team had given
them a sense of responsibility and motivation to influence others around them about
environmental issues. A comment provided by an interviewee supported this opinion:
“The historical mission of the farm ponds may be changing, but it is our duty to provide
winter migratory birds a satisfactory winter habitat” (Q20)
4.2.3. Belief in the Effectiveness (BE)
Of the 24 interviewees, 13 of them felt that belief in the effectiveness could potentially
impact on their pro-environmental behavior. Ten interviewees indicated that the underlying
reason for their participation in the Bird Survey in Taoyuan’s Farm Ponds Project was
driven by the fact that they believe a better understanding of the environmental problems
would help them to identify more effective solutions. Thus, the collection of basic ecological
research data over a period of time was considered as an essential part of achieving this.
An interviewee commented that
“Long-term survey data, together with landscape changes, can reveal the impact of
landscape changes on bird ecosystems, so that specific evidence can be presented during
the evaluation of new development projects to determine the extent of ecological impacts so
that development projects can be canceled or modified to protect local ecological resources”
(Q22)
Although nine of the interviewees were aware that certain farm ponds had very few
birds visiting over the years, they had continued conducting their survey on these sites
because of the need for on-going data collection and sampling. An interviewee supported
this by commenting
“Because it is scientific, with random sampling, so scattered throughout the Taoyuan.
For example, there could be five ponds here, and one of them has a rich ecosystem, but this
means nothing if it is not sampled. Research must be persistent, even though there are
no birds” (Q4)
Six interviewees knew the importance of long-term research data collection because
of their educational background, while others (seven) learned through their many years of
experiences with the bird society activities. Thus, they would continue to participate in this
survey to ensure that the ecological data could be collected and helped identify effective so-
lutions to the environmental problems. This was supported by an interviewee’s comment:
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“I joined the bird society because of my passion for birds, and my concern for the
environment and biomedical training. I am aware of the importance of long-term surveys
and the recording of relevant information. I usually make records of bird watching and
try to upload the relevant bird survey record system. Therefore, when fellow birdwatcher
XXX (a person’s name) first promoted this idea and project, I fully supported and
participated in it” (Q12)
Furthermore, six interviewees revealed that their learnings through participating in
surveys had slowly been internalized to become an opinion. This was supported by an
interviewee’s comment:
“This is very important for the protection, preservation, and conservation of farm ponds,
and is a very important indicator, especially for the winter migratory birds to farm ponds;
we give them 800 m2 of land for them to move around” (Q22)
Some interviewees (five) had also suggested that the longitudinal data collected could
be used as evidence to support any initiatives and solutions that aimed at addressing the
environmental problems, especially in the Taoyuan region. This was supported by an
interviewee’s comment:
“With such a rich amount of data, it is possible to negotiate with the Taoyuan City
Government or the relevant engineering division of the Taiwanese Construction and
Planning Agency beforehand to find a balance between ecology and engineering” (Q18)
4.2.4. Feasibility Evaluation (FE)
There were 14 interviewees (out of 24) who agreed that feasibility evaluation played
an essential role in influencing their pro-environmental behavior. The majority of these
interviewees (11) highlighted the importance of safety in conducting the Bird Survey in
Taoyuan’s Farm Ponds Project. When safety was compromised during the conduct of the
survey, participants would withdraw from continuing because of the danger involved.
This was supported by an interviewee’s comment:
“Dogs are a means to prevent theft in many farm ponds, but for those of us who perform
bird surveys, it is a problem for us to maintain our personal safety, and we often put
ourselves in dangerous situations while carrying out bird surveys” (Q20)
The need for better protections (such as insurance, gears) was considered by many
interviewees as important to carry out their survey activities safely and at the same time
beneficial (e.g., reduce liability) to the organizer hosting the survey project. An interviewee
supported this with a comment:
“Especially for those who use volunteers, no matter what they are going to do, insurance
is the first thing that matters. (Insurance.) Because we go to sweep the streets, to clean
the beach, to save the birds, which involves a lot of risks. If you don’t have insurance,
it’s okay if nothing happens, but when something happens, you can’t explain it to
the families” (Q3)
In addition, eight interviewees mentioned that the environmental constraints of the
survey sites could present access difficulties to the farm ponds, which were caused by
cold wind and rainy weather. In addition, the area to cover for some survey sites was
enormous and posed a significant challenge to participants. This was supported by an
interviewee’s comment:
“In the beginning, I was in charge of five farm ponds, and they were all very large in size,
so it took two days to finish each time. After two years, I finally couldn’t take it anymore
and had to drop two ponds in Xinwu, so I was more willing to continue” (Q4)
Factors affecting the capability to conduct the Bird Survey in Taoyuan’s Farm Ponds
Project were also raised by seven interviewees. These interviewees agreed that they joined
the bird society and participated in conducting the survey after their retirement while they
were still physically fit and healthy. However, as the years passed by, they got older and
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experienced health issues that began to prevent and limit their participation in the survey
activities. This sentiment was support by an interviewee’s comment:
“Because I like bird watching and I am a member of the Wild Bird Society of Taoyuan,
I am happy to contribute to the bird watching community. Now that I am old, I still like
bird watching, but I am not physically able to do more” (Q21)
Furthermore, the Bird Survey in Taoyuan’s Farm Ponds Project required participants
to have an adequate level of specialized skills and knowledge (e.g., bird watching and
identification) to conduct the survey. An interviewee commented
“I was first encouraged by fellow bird watchers. After all, I was a little better than the
average person at that time in bird-watching skills. I could tell what kind of bird it was
by ear and by sight. They encouraged us to participate in some surveys. Because, if you
do not have good identification ability, you will be confused” (Q22)
Six interviewees stated that there were other factors such as obligations (e.g., career com-
mitments, carer’s duties) in life that made it difficult if not impossible to participate in the
Bird Survey in Taoyuan’s Farm Ponds Project. Such considerations were necessary for many
people to help determine if they could accomplish the survey activities. This was supported
by an interviewee’s comment:
“And parents can’t participate if their children are too young. Our children were young
at that time and we had no, also could not . . . find (time). Although the bird society was
established, we cannot regularly attend their activities except the bird watching season
organized by them. (Maybe they can attend big events, the kind where you can bring
your family)” (Q21)
4.2.5. Cost–Benefit Evaluation (CBE)
Twelve of the 24 interviewees agreed that cost–benefit evaluation could have a poten-
tial effect on their pro-environmental behavior. Time factor was a major consideration by
10 of these interviewees when participating in the Bird Survey in Taoyuan’s Farm Ponds
Project. This was particularly evident when changes to the survey schedule were required
by the organizer, since participants could have other prior commitments (e.g., related to
family, personal, and work) that would prevent them from accommodating such changes in
schedule. This could result in unnecessary stress on the participants while they attempted
to make any possible adjustments to their other commitments. An interviewee commented
“In recent years, I have been busy with my personal affairs and have been less involved
in bird society activities. However, as long as the coordinator of the project sends me a
letter, I am willing to exclude other matters and continue to participate” (Q12)
When a participant was to conduct the survey independently, he or she only needed
to consider his or her availability, and it was simple to organize. On the other hand,
when some participants chose to conduct the survey in groups, some levels of coordina-
tion between them were required, and this would include the complications involved in
scheduling the survey and tasks. However, it was acknowledged that there were benefits
in a group survey approach that included mutual support, learning, sharing of experience,
and knowledge. This was supported by an interviewee’s comment:
“It is a little difficult for different partners to coordinate their time, but sometimes it can
be a happy gathering for partners with the same interests” (Q6)
Seven interviewees indicated that the travel distance to the survey sites was another
factor that affected their participation in the Bird Survey in Taoyuan’s Farm Ponds Project.
The travelling time and costs to far away survey sites could result in participants with-
drawing from conducting the survey. Comments provided by interviewees supporting
this included:
“At the beginning of the farm pond survey, there were five of us, and XXX (a person’s
name) would drive us because we all lived very far away” (Q13)
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“The volunteers could choose the ones near their homes first. Then the ones that were far
away and had not been picked still need to be surveyed. It was not very convenient for
some people, like those who had to ride motorcycles” (Q6)
A lack of manpower to conduct the survey was also raised by five interviewees,
since this would increase the workload and caused an additional burden and distress to
other participants. Since participants required specialized skills and knowledge, it had
been difficult to recruit people with suitable skill sets. An interviewee supported this with
a comment:
“Things that are particularly difficult or troublesome: (1) coordinating new participants
to join when surveyors change; (2) each survey requires notifications in advance, but also
individual telephone follow-ups to ensure that staff do not forget and can complete the
bird survey according to the deadline. Factors that can dampen enthusiasm: (1) un-
suitable personal physical conditions; (2) inability to find enough birders to help with
the survey” (Q5)
4.2.6. Social Norm Evaluation (SNE)
A total of 12 (out of 24) interviewees indicated that social norm evaluation was
considered influential to their pro-environmental behavior. Eight interviewees stated that
the perceptions and support of friends and relatives would influence their participation in
the Bird Survey in Taoyuan’s Farm Ponds Project. Inputs from family members and friends
were regarded as a personal influence of significant others around them, which was also a
key reason to many participants joining the bird-watching community in the first place.
An interviewee’s commented:
“When my family learned that I was conducting the Bird Survey in TFP, they gave me
positive support and encouragement, and XXX (a person’s name) and I had a lot of fun
participating in the survey, especially when we had unexpected observations. I often saw
winter migratory birds that I would not normally observe. During my own observation,
I also found out the importance of Taoyuan farm ponds to the habitat of winter migratory
birds. Such meaningful activities are the motivation for continuous participation in
the survey” (Q20)
The scope of this influence of significant others also included large community groups
such as the bird society, which further extended the circle of friends to the people in the
bird-watching community. A comment by an interviewee support this:
“I joined the Taoyuan bird because of my wife who joined first and asked me to be the
driver for bird watching trips, and after going with her many times, I also became
interested in bird watching and stayed. After that, I helped in the bird society, and after
many times participating in activities, all my friends were bird watchers, so I just became
inseparable from the group” (Q7)
In contrast, four interviewees argued that they had developed a sense of responsibility,
attitude, and principle of environmental protection and therefore felt that it was personal
when relating to environmental problems. As such, they participated in the Bird Survey in
Taoyuan’s Farm Ponds Project because it was a personal and worthwhile activity to pursue,
regardless of others’ opinions. This was supported by an interviewee’s comment:
“The decision to participate in the survey is personal, and I could conduct the survey
independently. Therefore, the reaction of friends and relatives or how the survey partners
interact with each other will not affect my decision to continue to participate in the
survey project” (Q22)
4.3. Results of Theory of Social Networks
Findings from the theory of social networks showed evidence of influence on the
participation of the Bird Survey in Taoyuan’s Farm Ponds Project. The results identified
three key variables: (1) social networks, (2) learning and growth, and (3) belonging and
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contribution, and each of these will be discuss in the following. Table 5 below presented
the frequency mentioned on these three variables.
Table 5. Frequency mentioned about the three key variables.
Variables Total Frequency Mentioned (out of 24 Interviewees)
Social networks 17
Learning and growth 12
Belonging and contribution 11
4.3.1. Social Networks
There were 17 (out of 24) interviewees who agreed that social networks could poten-
tially affect their pro-environmental behavior.
Personal symbol and feature. There was a sense from 11 interviewees that bird
watching had become a personal symbol and feature. This was evident when colleagues,
relatives, and friends began to regard them as the person to go to for questions related to
birds, and this had added a new identity and character to their existing interpersonal net-
work. In this process of sharing and helping others with their knowledge, individuals had
expanded their interpersonal network. This was supported by an interviewee’s comment:
“When I attended the elementary school reunion, I couldn’t even remember things from
the past or the names of my classmates, but I was able to get everyone to listen to
me and become the focus (yes, the focus) in that table. Yes, because what I said was
very interesting” (Q4)
Further to the friendships developed within the bird society, eight interviewees had
also expanded their acquaintance with residents near the farm pond sites they surveyed.
Residents shared with the participants in the Bird Survey in Taoyuan’s Farm Ponds Project
about the latest information and engaged closely with them to monitor environmental
issues. An interviewee supported this with a comment:
“In the past, our Chairman O used to send gifts and fruits to the residents during the
three major festivals. In fact, most of our gifts were fruits, because we cooperated with
many small farmers and bought their fruits to give to these villagers. So the villagers’
perception of our bird society is quite positive. Sometimes when there is fishing by
electricity or poison, digging roads, or cutting trees, they will inform us” (Q13)
Six interviewees revealed that they often came across visitors and hikers who are
non-local residents at the survey sites, asking them questions related to the Bird Survey in
Taoyuan’s Farm Ponds Project. Interviewees were confident in sharing their knowledge
and experiences as a result of their on-going participation in this project, especially with
the support of the evidence-based survey data collected over the years. This was supported
by a comment by an interviewee:
“After long-term participation, besides the increase in the number of wild bird species I
have seen, I have also become curious about why the species and number of birds have
changed, and I am concerned about the ecological changes around me. Besides, if we
encounter tourists or hikers expressing curiosity or interest in wild birds during the
survey, we will explain them briefly, hoping to take this opportunity to arouse their
interest and increase their liking for the natural world” (Q12)
Power of commitment. While seven interviewees indicated that there was pressure
toward their ongoing commitment to participate in the Bird Survey in Taoyuan’s Farm
Ponds Project, it was a sense of self-responsibility and trust in others that kept them
going. Having seen the mutual commitments made towards one another, five interviewees
considered their participation in the survey as a mission that must be accomplished.
This was supported by an interviewee commenting that
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“No one came to check if you were doing it properly, but I still spent the full 30 min. Yes,
that’s my recognition and expectation for myself ” (Q18)
Personal social networks connection. Despite the increasing use of electronic commu-
nication via email, social media platforms (e.g., Facebook), and Apps (e.g., Line), 13 in-
terviewees recognized the need for more personal connections with their social networks
as part of the Bird Survey in Taoyuan’s Farm Ponds Project. Eleven interviewees agreed
that telephone calls and face-to-face communication would give them a sense of being
valued and treated as a valuable individual rather than merely a tool for data collection.
An interviewee supported this with a comment:
“So, like the Breeding Bird Survey Taiwan (BBS), they are very thoughtful, will always
call. XXX (a person’s name) will also use the phone and will not simply send an email or
a text message to tell you to go and survey. So, I think that, as the saying goes “meeting
in person leaves a better impression,” personal contact is helpful, is really helpful” (Q20)
Therefore, attending the various activities (e.g., bird-watching competitions) organized
by the bird society would provide opportunities for participants to stay in touch with one
another. Some interviewees (six) also indicated that they would feel uncomfortable being
left out of such activities, since they valued the opportunity to catch-up with their friends
who shared a common interest. This was supported by an interviewee’s comment:
“So, we will get together after the survey and chat, bonding with each other is also
very good. In that kind of atmosphere, because if everyone but you in the bird society
had participated in the survey, you would not have a common topic to chat with others,
you would feel that it’s quite a pity” (Q17)
4.3.2. Learning and Growth
Of the 24 interviewees, 12 of them revealed that their learning and growth could
potentially affect their pro-environmental behavior.
Craving for knowledge drives continued participation. Ten of these interviewees
who became involved in citizen science projects came along with an established cognitive
concept. Many of them wanted to learn something new in terms of knowledge and skills
from a team led by an expert in the field. An interviewee commented:
“In fact, I first wanted to learn a technique that I would not have sought out when I was
watching birds in the past. Then when I saw others with us, then they would use their
way that I would be curious in this material, because after all, such way of observation is
more scientific, and engineers like me prefer scientific observations, which are quantitative
in nature” (Q22)
Six interviewees revealed that they first began to be involved in the Bird Survey in
Taoyuan’s Farm Ponds Project because of the opportunity to see certain bird species, but this
had gradually changed to environmental concerns for the ecological issues. This was a
result of their accumulated knowledge and experience gained from the participation in the
survey that had transformed their perspective of the environment. However, they believed
that there was much more to explore and learn in this space, which was another driver for
their continual participation. This was supported by an interviewee’s comment:
“I think we can learn a lot from this, so we can observe birds in a more detailed way.
Then you will learn how wild animals are like humans when they are injured and what
the environment is like. I think it is quite special to learn some different knowledge other
than bird watching” (Q12)
Satisfaction in the process of pursuing breakthroughs. Eight interviewees commented
that they initially joined the Bird Survey in Taoyuan’s Farm Ponds Project to seek improve-
ments on their photography skills, but were soon exposed to other tasks and activities that
challenged their abilities. Their personal development in this process had enabled them to
become a better person in life. This was supported by an interviewee’s comment:
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“Bird Survey in TFP is to maintain a better environment for the birds in farm ponds.
Although there have been obstacles and difficulties, after overcoming them one by one,
we feel that we have gained a lot and are happy to do so” (Q20)
For five other interviewees, their participation in the Bird Survey in Taoyuan’s Farm
Ponds Project was motivated by serving others and enjoying the process of helping them
to grow and change to become a better person. This gave them a sense of personal
accomplishment and giving back to the community. An interviewee support this by
commenting that
“This is what motivates volunteers. Volunteers are not in it for the money, they mostly
do it for a sense of honor or as a mission to the community” (Q11)
4.3.3. Belonging and Contribution
There were 11 interviewees (out of 24) who indicated that belonging and contribution
could potentially influence their pro-environmental behavior.
Individuals’ sense of contribution to the whole. Seven interviewees agreed that a key
motivation for them to continue with the Bird Survey in Taoyuan’s Farm Ponds Project was
recognition from their peers in the bird society. Being able to offer support and contribute
to the group had made them feel like a valued member. This sentiment was supported by
interviewees’ comments:
“I feel that it was a very meaningful effort to contribute, although small, to the protection
of the ecological environment” (Q24)
“It was also birdwatching. But one has to make a record and at a fixed time, at a specified
place and time. Although this is more constrained for me, the sense of honor and being
needed can be enough to compensate for my (efforts)” (Q14)
Gaining recognition by sharing with others. Four interviewees suggested that they
should disseminate the results of the data collected to a wider group of audiences so that
more people could learn about birds and better understand the need for habitat protection
and conservation. This could be regarded as an environmental education effort to enhance
the level of environmental literacy. A comment by an interviewee supported this:
“We will work together with local schools to educate people about the environment.
The so-called personal action is to start by oneself and share it with colleagues and friends
around us, to change people’ mindset” (Q3)
5. Discussion
Social psychologists had found that people often joined a team or group where they
could gain both affiliation and a sense of belonging. Groups provided individuals with
a source of information, recognition and encouragement, and support in achieving goals.
The goals included the concepts of access to information, self-identity, values, attitudes,
and accepted behaviors [55]. In a group setting, not only could individuals influence others,
but they could also be gradually influenced by members in the team.
5.1. Access to Information through Connections
Preece and Ghozati [56] classified community conversations into five main categories,
namely (1) health, (2) personal interests (hobbies), (3) pets, (4) careers, and (5) sports and
recreation. In the case of this study, the information shared among the participants was
mostly about birds, and the exchange of information within the community was very active.
Sharing was a powerful experience for both the sharers and the recipients of information.
In particular, the sharing of information in a common social network not only transmitted
information, but also strengthened the value of sharing among the peers.
Compared with traditional social groups, virtual communities were “weak links”,
i.e., relationships in which people could obtain useful information from acquaintances or
strangers through networks [57]. Weak connections had more opportunities to play a linking
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role across domains than strong connections such as kinship and work relationships [58,59],
providing people with access to relevant information and opportunities [22,60].
Access to information had a great impact on the participation in the Bird Survey in
Taoyuan’s Farm Ponds Project. The survey had been conducted for many years and had
gone through many staff changes and rotations and suspension of surveys. As a result
of these changes and a lack of appropriate communication, some participants did not
continue to participate in the survey [61]. Furthermore, as the Bird Survey in Taoyuan’s
Farm Ponds Project was a systematic citizen science project, the original survey sample
sites were limited, thus limiting new participants joining and contributing to this survey.
Consequently, some existing participants had to withdraw from this survey to allow new
blood to join in and attain sustainable continuity of the Bird Survey in Taoyuan’s Farm
Ponds Project.
5.2. Formation of Personal Norms after Interaction with Others
According to social identity theory, people form social identities in terms of values,
attitudes, and behavioral intentions from different self-identified members [62,63]. A per-
son’s self-identity is generally derived from past membership in a social group, which could
be an occupational corporation or a society formed for interests and hobbies [64,65].
The rapid and intensive sharing of images and information through social media cre-
ated social and personal norms and attitudes. The interconnectedness of social media
allowed individuals to have quick access to the behavior of others, and this exchange of
information influenced the norms and behaviors of individuals [66–68].
Driven by the individual’s innate need to integrate into the larger group, a normative
effect was formed so that everyone does the same thing, and it seemed unjustifiable
if one does not follow suit [69]. Therefore, if we look at it from a two-phase decision-
making model, this social demand had an impact on both the first phase of developing
an environmentally friendly attitude and the second phase of generating environmental
behavioral intentions.
Similar concepts were also mentioned in the interviews from the participants of the
Bird Survey in Taoyuan’s Farm Ponds Project. They had committed to the survey because it
was important to them personally, and the opinions of others were not critical. This finding
differed from some prior literature that revealed the importance of social norms and other
people’s perceptions, particularly in the Asian context. This could be explained with many
participants agreeing that their ongoing participation in the survey was mainly motivated
by wanting to help for a good cause. Therefore, the results suggested that social norms
would affect the initial phase of participation but were less influential after personal norms
were formed.
5.3. Feelings Are Necessary to Generate Environmental Action
5.3.1. Influence of Emotion on Actions
The power of feelings played an important role in human behavior, usually through
the way people think and behave [70]. Previous studies had found that emotions such as
affinity, love, empathy, sympathy, anxiety, anger, and sadness influence pro-environmental
behaviors [44,46,63,64,71], while a lack of feelings might lead to indifference [44,65].
Kals, Schumacher, and Montada [63] suggested that these feelings would create psy-
chological fluctuations, and that even if they perceived the current course of action was not
significant, this psychological disquiet could motivate people to take action or change on
an ongoing basis.
The two-phase decision-making model began with perceived seriousness, which had
a catalytic role in the awareness of the natural environment. Although some participants
of the Bird Survey in Taoyuan’s Farm Ponds Project started bird watching as a hobby,
the various environmental problems that some people came across while conducting the
survey at the farm ponds sites had left a deep impression on them. Such a deep awareness
of the environment had also motivated them to make accommodations (e.g., change original
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scheduled dates to better suit the birds’ habits) subsequently to ensure they would have a
rich birdwatching experience.
The findings indicated that before these nature experiences, some participants of
the Bird Survey in Taoyuan’s Farm Ponds Project had no special feelings about birds
and thus did not pay attention to related issues. Initially, they were focused on the
“visible” results, such as increasing the number of bird species they saw and photo taking.
However, over time, they realized the ecological significance and importance of birds,
and other “inner” transformation results, which might have changed one’s behavior.
5.3.2. Sharing Gives Meaning to Feelings
Feelings about nature had a positive effect on pro-environmental attitudes and
behaviors, but for one’s feelings about nature to mature, one must communicate and
share these experiences about nature with others [54,62]. The process of transmitting
nature experiences played an important role in emotional development because it was
how individuals deconstructed and found meaning in their interactions with nature [65].
Previous research had found a correlation between the degree of increased feelings about
nature and the amount of time people spend in nature and whether they shared their
values and enjoyed the experience with their family and friends [72]. Results of this study
suggested that participants of the Bird Survey in Taoyuan’s Farm Ponds Project built a
sense of human connection by sharing and talking with each other about their experiences,
observations, and feelings in the natural environment [73]. At the same time, they were
seen as helpful to others in their established interpersonal circles when they shared their
newly learned knowledge.
In the two-phase decision-making model proposed by Hirose [13] to explain the gen-
eration of pro-environmental behaviors, the first phase of developing environmentally
friendly attitude was divided into three types of beliefs: perceived seriousness, ascribed re-
sponsibility, and belief in the effectiveness. Many of the shared information contents
would fall under the category of perceived seriousness in this two-phase decision-making
model [13]. Typhina [44] suggested that the richness and complexity of the feelings between
humans and nature that individuals developed when they communicate with others were
more important than the relationship between individuals and nature and that this need to
communicate with others went beyond biophilia, which was based on biocompatibility.
Up until recent years, many reports and articles were produced from the Bird Survey
in Taoyuan’s Farm Ponds Project that were beneficial to various stakeholders (e.g., bird en-
thusiasts, general public, government agencies). However, this had changed lately with
limited information published that included only the number of bird species recorded for
the year. This indicated that the Bird Survey in Taoyuan’s Farm Ponds Project appeared to
be less active in sharing information and survey results. Consequently, participants con-
sidered the survey to be a task in which they could contribute towards a noble mission of
protecting the environment rather than a hobby.
5.4. Extended Two-Phase Decision-Making Model
Based on the results of this study, the application of the two-phase decision-making
model could be extended to include the variables of social needs to explain citizen science
engagement behaviors. The three influencing variables of social needs were social networks,
learning and growth, and belonging and contribution. The results indicated that both
the development of an environmentally friendly attitude in the first phase and the series
of behavioral assessments generated in the second phase were influenced by the social
needs. Therefore, an extended two-phase decision-making model to incorporate the
variables of social needs was proposed, as shown in Figure 2. While this proposed modified
model (Figure 2) had not been specifically tested in this study, it could be used for further
investigation in future studies.
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The study also found that participants were more aware of their responsibility towards 
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Figure 2. Extended two-phase decision-making model with social needs (based on the results of this study).
6. Conclusions
In conclusion, this study had used an extended two-phase decision-making model
that incorporated social needs to explore the impact of environmentally friendly attitudes
and environmental behavioral intentions on pro-environmental behaviors with the citizen
scientists who participated in the Bird Survey in Taoyuan’s Farm Ponds (TFP) Project.
The two-phase decision-making model began with an understanding about the develop-
ment of environmentally friendly attitudes of the participants and subsequently evaluating
their environmental behavioral intention that led to their on-going participation in the
Bird Survey in Taoyuan’s Farm Ponds (TFP) Project, which was considered a form of
pro-environmental behavior.
Findings revealed that participants recognized the seriousness of the environmental
problems when they were exposed more to and had a better understanding of the nature.
The study also found that participants were m re aware of their responsibility towards
making positive changes to the environm nt and believe that working in co-operative
teams would be more likely to produce effective solutions to the envir nmental problems.
Results showed at participants contributed to the group as a whol nd learned new
knowledge and skills that they would not otherwise normally have access to. While sharing
wha they had le rned a d seen, they also offered some new meanings and dimensions to
these experienc s and knowledg , thus creating an empowering effect. It had also been
noted in this study that participants who participated in the Bird Survey in Taoyuan’s Farm
Ponds (TFP) Project had acquired a form of self-identity associated with the team, which led
to their increasing commitment to the bird society’s activities. These findings could assist
in the development of appropriate promotion and recruiting campaigns to encourage
more participants to join community groups as well as volunteer in citizen science and
pro-environmental behavior projects. Furthermore, relevant educational workshops could
also be designed and conducted for the public to enhance their general environmental
knowledge literacy and understanding.
There was evidence from this study to indicate the occurrence and effects of social
networks and needs in the two-phase decision-making model. Thus, the two-phase decision-
making model that incorporated the key variables (i.e., social networks, learning and growth,
and belonging and contribution) of social needs had provided a more comprehensive under-
standing about the citizen science participation behaviors.
7. Limitations and Future Research
7.1. Limitations of the Research Methods
This study used qualitative in-depth interviews to collect data, and therefore the
results cannot be generalized. This qualitative approach is also not capable of analyzing
the regressions and differences of the participants’ participation in the Bird Survey in
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Taoyuan’s Farm Ponds (TFP) Project. Although the frequency of the mentioned categories
might serve as an indicator of importance, it was deemed inappropriate in this study,
since the number of interviewees involved was inadequate where meaningful explanations
could not be attained.
The recruitment and training of participants for the Bird Survey in Taoyuan’s Farm
Ponds (TFP) Project were mainly conducted through the Wild Bird Society of Taoyuan.
Therefore, it is not possible to distinguish whether the close interaction and connection
between the participants were caused by joining the Wild Bird Society of Taoyuan or by
participating in the citizen science project.
7.2. Limitations of the Scope of Inferences from the Study Results
Due to the purposeful sampling adopted, participants who had participated in the
Bird Survey in Taoyuan’s Farm Ponds (TFP) Project from 2003 to 2016 were chosen as
the study subjects, and the sample size was relatively small. The context of this study
has limited to the Bird Survey in Taoyuan’s Farm Ponds and in the location of Taiyuan,
Taiwan, and therefore the findings cannot be generalized to other themes and the general
population at large in Taiwan or other parts of the world.
7.3. Future Research
A more representative sampling of the population is required to seek generaliza-
tion. Furthermore, similar studies (including other types of citizen science projects) can
be conducted in other parts of Taiwan and other countries so that a cross comparison
between countries can be made to investigate any potential similarities and differences.
Future studies can also consider using the proposed extended two-phase decision-making
model to investigate the environmentally friendly attitudes, behavioral intention, and pro-
environmental behaviors and verify the appropriateness of this modified model.
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Appendix A
Table A1. Semi-structured in-depth interview questions and the connections between pre-defined variables in the two-phase
decision-making model of the study.
No. Question Predefined Variable
1.
Have you participated in the survey every year since 2003? If you
have not participated in any of the survey years, please list them
and briefly explain why.
Ascription of responsibility, Motivation for
participation, Belief in the effectiveness,
Cost–benefit evaluation, Social norm evaluation
2.
Please briefly describe how you first joined the team and what
motivated you to join? As your participation has increased, what




What do you think about the disappearance of farm ponds, given
the rapid development of the Taoyuan area? Does the opening of
the airport MRT have any effect on the condition of the birds?
Ascription of responsibility, Motivation for
participation
4.
What do you personally think is the importance of the annual
Bird Survey in TFP to the protection of birds in the farm ponds in
Taoyuan?
Belief in the effectiveness
5.
What do you think is the greatest personal gain from
participating in the survey program? (Or the most fulfilling event
or impressive memory)
Belief in the effectiveness, Cost–benefit evaluation
6.
What have you found particularly difficult or troubling about
participating in this survey project from the beginning to the
present? What circumstances or reasons have dampened your
enthusiasm or made you feel discouraged?
Belief in the effectiveness, Cost–benefit evaluation,
7.
Do the reactions and opinions of your friends and relatives about
your participation in the bird survey and the way you interact
with your survey partners influence your decision to continue to
participate in the survey project? Why?
Social norm evaluation
8.
How do you think the fruitful survey results over the years can be
useful for conservation in the future? What specific actions do
you personally take to protect the birds and ecological
environment of Taoyuan farm ponds?
Feasibility evaluation, Belief in the effectiveness
9. What do you imagine or expect for the future of this survey
project? Feasibility evaluation, Belief in the effectiveness
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